Objective-Patients who misperceive that they are moving their paralysed arm (phantom movements) may not recognise its weakness. Therefore, the relation between phantom limb movements and anosognosia for hemiplegia during selective right hemispheric anaesthesia (the Wada test) was examined. Results-Three patients experienced left phantom limb movements, and five were anosognosic for their hemiplegia. However, phantom movement occurred in only one patient with anosognosia. The other two patients with phantom movement were without anosognosia. The patient with phantom movement and anosognosia had impaired proprioception. The two patients with phantom movement but without anosognosia had intact proprioception. Conclusions-Phantom movement in the presence of a proprioceptive deficit could contribute to anosognosia. However, anosognosia and phantom movement are dissociable; therefore phantom movement cannot alone account for anosognosia. Because phantom movement occurred with and without proprioceptive deficits, proprioceptive loss is not a prerequisite for phantom movement. (J Neurol Neurosurg Psychiatry 2000;69:820-823) 
Anosognosia, or unawareness of deficit, can occur in patients with hemiplegia, amnesia, or aphasia.
1-4 Although associated with right cortical insult, anosognosia is not directly attributable to any other neuropsychological deficit. [5] [6] [7] [8] [9] [10] [11] [12] [13] In this paper, we will use the term anosognosia to refer to unawareness or denial of a hemiparesis, as first described by Babinski. 14 In a previous study in our laboratory, 13 patients with anosognosia did not realise that their left hand was weak even after attempting to move it while it was in view. As phantom sensations of movement may occur in patients with cerebral dysfunction, [15] [16] [17] [18] [19] [20] [21] we wished to learn whether patients with anosognosia deny their weakness because they misperceive that they can move their paralysed forelimb. Heilman 22 suggested that when the prefrontal/ premotor cortex sends discharges to the motor cortex to execute a movement, it also sends corollary discharges, or an eVerent copy, to the somatosensory cortex or association areas that contain representations of the body and serve as a comparator. [23] [24] [25] Normally, sensory representations activated from this eVerent copy are compared with peripherally generated impulses generated by the limb executing the movement. A hypothetical comparator determines if intended and executed movements match. If they do not match, the comparator sends this information to the premotor cortex to correct discrepancies. Phantom movements may occur when the comparator malfunctions and corollary discharges accompanying intended movements are interpreted as movement feedback. This misidentification may occur especially with proprioceptive impairment, as eVerent copies of intended movements may be the only input the comparator receives.
When patients perceive movement in a paralysed limb, they may conclude that they are not weak. If anosognosia can be explained by perception of phantom movements, there should be a direct relation between the occurrence of phantom movement and anosognosia. This relation should be especially strong when proprioception of the plegic limb is impaired.
Methods

SUBJECTS
Nine patients with intractable epilepsy being evaluated for surgery were involved in the study. As part of their evaluation, they underwent selective hemispheric anaesthesia (Wada test). We tested patients during the right carotid injection because anosognosia occurs more often after right hemispheric anaesthesia. [26] [27] [28] Seizure foci were determined by surface EEG, MRI, and neuropsychological data. If no seizure focus was identified using these methods, subdural EEG electrode monitoring was performed. Neurological and demographic data for each patient are shown in the table. This project was approved by the institutional review board, and all patients gave informed consent.
PROCEDURE
We trained patients immediately preceding the Wada procedure. All patients mastered the tasks and showed intact proprioception during training. Standard clinical procedure at our institution is to inject the right hemisphere first. Minimal methohexital (Brevital, Jones Medical Industry, St Louis, MO, USA) dosage, inducing hemiparesis but not sedation, totalling 3-5 mg, was determined by the electroencephalographer monitoring the procedure. Hemiparesis was measured using a dynamometer before and after injection, and after testing. Clinically, language and memory were assessed by asking patients to repeat, follow commands, name objects, and recall objects presented. The anaesthetic eVect of methohexital lasted about 3 minutes. After clinical assessment, patients received for the study another, equal, dose of methohexital.
During research testing, patients wore goggles limiting their vision so that they could not see their arms. After methohexital injection, when the patient's left forelimb became plegic, patients were asked, "Are you weak?" This question was phrased generally to capture any awareness of weakness. If patients responded negatively, they were considered to be anosognosic. Four test trials followed: (1) We assessed phantom movements by asking patients to raise their paralysed left forelimb, then asked if their left limb was raised. Once they gave an aYrmative response, they were instructed to "make your The order of the trials was counterbalanced. Two raters independently rated anosognosia, phantom movement, and proprioception. A third rater's independent rating was used for one patient due to incongruent ratings from the two raters.
Each patient was tested for about 10 minutes (orient patient, obtain baseline dynamometer reading, methohexital injection, obtain postinjection dynamometer reading, query about weakness, execute the four test trials one time, obtain post-testing dynamometer reading, wait for EEG to return to baseline, reorient patients).
Results
The average dynamometer readings were 37, 4, and 27 kg at baseline, after injection, and after testing. All patients responded accurately on both control tasks, which indicated that they did not have problems understanding or performing the tasks during hemispheric anaesthesia. Results are presented in the table.
Of the nine patients in this study, five had anosognosia and three demonstrated phantom movements. Phantom movements occurred in two non-anosognosic patients and in one patient with anosognosia. Of the three patients who demonstrated phantom movements, two 
Patients are numbered in the order that they came to our clinic. All patients were right handed and had left hemispheric dominance for language as determined by the Wada test unless indicated otherwise. FSIQ=Full scale IQ estimated from WAIS-R; T=temporal; hip=hippocampal sclerosis; T/hem=temporal hemosiderosis; F=frontal; L=left; R=right; += present. −=absent. *These patients were able to move their limb minimally when asked to do so during the phantom movement trial; †left handed subject; the Wada test indicated bilateral dominance for language.
had intact proprioception and one had impaired proprioception. The patient with phantom movements and impaired proprioception was also anosognosic. Thus one patient fitted our predicted pattern of co-occurrence of phantom movements and anosognosia with deficient proprioception. However, anosognosia occurred with and without phantom movement, and both anosognosia and phantom movements occurred in the presence of intact proprioception. Because dynamometer readings after testing were not as low as after injection, it was possible that results were aVected by recovery from the anaesthetic eVect. We examined the order of trials and found that phantom movement was tested last in patients 2, 5, and 9. They made some movements when asked to move their weak limb, suggesting that the anaesthetic eVect had weakened by this time. All three were anosognosic. It is possible that testing for phantom movement earlier would have resulted in co-occurrence of phantom movements and anosognosia in these patients. However, this does not alter our finding that phantom movements and anosognosia occurred as dissociable phenomena in two patients.
Discussion
We found that phantom left limb movement and anosognosia for hemiplegia can be induced during right hemispheric anaesthesia. However, we did not find a direct relation between them. Anosognosia cannot be an inevitable result of phantom movement alone because phantom movement occurred with and without anosognosia. However, if phantom movement were a necessary but insuYcient factor for anosognosia, we would still expect every instance of anosognosia to be accompanied by phantom movement, but we did not find this relation in all patients. Therefore, the presence of phantom movement may not be critical for anosognosia and may only contribute to anosognosia when no feedback is available.
In the absence of visual feedback, we expected that phantom movement would be associated with impaired proprioception, but two patients with intact proprioception demonstrated phantom movement and three patients had impaired proprioception but did not experience phantom movements. These findings suggested that proprioceptive impairment was neither necessary nor suYcient for the experience of phantom movements. We also examined the relation between proprioception and anosognosia and found a similar dissociation.
We reanalysed our results to eliminate bias introduced by atypical brain organisation and the side of seizure focus. Reanalysing our data excluding patients with bilateral language mediation and other than right sided foci still maintained the dissociation between anosognosia and phantom movement (patients 1, 2, and 9). We considered that the risk that drug induced hemiparesis might have partially worn oV in the course of the study. Our results would have been confounded if we had not found evidence of phantom movements or anosognosia late in the course of the study. Instead, despite wearing oV eVects, patients demonstrated both phantom movements and anosognosia as dissociable phenomena.
We have demonstrated that patients may perceive phantom movements in the paretic limb during right hemispheric anaesthesia. This occurred in three out of nine patients. If this phenomenon occurs at a similar rate in patients with brain injury, phantom movement may be more common than previously thought.
